The changes in abscisic acid (ABA) content, ethylene evolution, and anthocyanin and sugar contents of the 'Satohnishiki' cherry fruit (Prunus avium L.), and the effect of ABA application on its maturation and coloring were investigated.
Introduction
It is well known that the internal ethylene level is related to fruit maturation. In a previous report Kondo et al., 1991) , it was suggested that abscisic acid (ABA), as well as ethylene, may be involved in the maturation and coloring of apple, especially in early-harvest cultivars. In grape berries, it has been shown that the onset of ripening is related to ABA levels (Coombe and Hale, 1973) . Although cherry fruit is a nonclimacteric rise type, as is grape berry, its maturation process has not been clearly established.
In the present report, the changes in endogenous ABA, ethylene evolution, and the anthocyanin and sugar contents during fruit development, and the effects of ABA application on the maturation and coloring of the 'Satohnishiki' cherry fruit (Prunus avium L.), were investigated. 72.0 ng• g-1 FW on 38 DAFB (Fig. 5) . However, the ABA content in the peel increased gradually from 31 DAFB, with the most notable rate of increase occurring from 38 to 45 DAFB.
Expt. 2. The effect of ABA application on the maturation and coloring of fruit
The ABA content in the peel of fruits applied with ABA was more than that of untreated controls at each application time (Fig. 6) 
Discussion
The maturation and quality of sweet cherry fruit are affected by environmental and cultural factors, including exposure to light , temperature , within-tree location and leaf area per fruit (Proebsting and Mills, 1981; Roper and Loescher, 1987) . Watanabe and Taira (1986) reported that the coloring of cultivars with a red colored peel, such as 'Satohnishiki' and 'Napoleon', was mainly controlled by the lighting conditions. Therefore, the cherry fruits in Expt. 1 were selected from the exterior regions of the tree so as to standardize these effects, and those in Expt. 2 were collected from the whole tree. The coloring of fruits from the tree exterior were generally superior to those from the interior in this experiment (data not shown). It is, therefore, assumed that the higher ABA levels in untreated control fruits in Expt. 1 than in Expt. 2 was based on the within-tree locations of the collected fruit samples (Figs. 5 and 6 ). Drake and Fellman (1987) reported that the sugar content and coloring of cherry fruit could be used as indicators of the stage of maturation. In this experiment, the time at which the total sugar content increased and that at which the anthocyanin content increased rapidly coincided at 38 DAFB (Figs. 2 and 3) . It is therefore considered that 38 DAFB is around the time when the maturation of the fruit begins.
The endogenous ABA content in the pulp increased dramatically from 31 DAFB, and the ethylene evolution per gram fresh weight increased slightly from 31 DAFB until 38 DAFB (Figs. 4 and 5) . These increases preceeded the accumulation of sugar and anthocyanin, suggesting that they may play a role in initiation of the maturation process. Hartmann (1989) reported that ethylene could be the trigger for maturation, since it increased during maturation. However, in this experiment, the ethylene evolution decreased again from 38 DAFB (Fig. 4) , so we consider that ABA rather than ethylene may be related to maturation.
On a per fruit basis, ethylene evolution increased greatly from 31 DAFB. Thus, whether ethylene gas should be estimated on a per fruit weight basis or per fruit remains to be established. Davison et al. (1976) showed that ABA levels in the fruit were directly related to the fruit growth rate, being high during the rapid growth phase, i.e., early and late in the process of fruit growth.
In contrast, the ABA content in the peel increased slightly from 31 DAFB, but greatly from 38 DAFB when anthocyanin accumulation was noted (Fig. 5) . In this study, ABA application to the fruit on 36 DAFB increased the glucose, fructose and anthocyanin contents (Table 1) . Therefore, the results of this study support the notion that the ABA level in the fruit is associated with the rate of fruit growth, as shown in Fig. 1 . In addition, ABA levels may well play a role in the maturation and coloring of sweet cherry. It has also been suggested that ABA stimulates the uptake of sorbitol in apple fruit and sucrose in soybean (Beruter, 1983; Gifford and Thorne, 1986) . Hence, the incrase in sugar content by exogenous ABA treatment indicates that ABA may be related to glucose and fructose accumulation in cherry fruit, in addition to the promotion of maturation. Therefore, the effect of ABA on the maturation of cherry fruit should be investigated further, especially with regards to the sink activitiy. ABA application to fruit on 30 DAFB failed to increase the sugar and anthocyanin contents. Taira and Watanabe (1986) reported that the sugar and acid contents were slightly decreased by ABA treatment before coloring. Thus, it appears that the effect of ABA application accompanies maturation, while coloring varies with the application time.
ABA application showed a tendency to decrease water loss from fruits stored for 5 days, as shown in Table 1 . Similar results have been obtained for apple fruits . These results indicate that ABA levels may promote maturation on the tree, but may be inhibitory after harvest.
